TITLE OF THE INVENTION 
SILICA GLASS CRUCIBLE 

BACKGROUND OF THE INVENTION 

[0001] 

FIELD OF THE INVENTION 

The present invention relates to a silica glass crucible used for 
pulling up single crystal silicon used for a semiconductor from melted silicon. 

[0002] 

DISCUSSION OF THE PRIOR ART 

In recent years, a silica glass crucible having a large open diameter 
has been used in accordance with an enlargement of a silicon wafer, and a 
thermal load on the silica glass crucible becomes to be increased since a 
melting amount is increased and a pulling up time is long, thus there is a 
problem that the silica glass crucible is sunk during the pulling up. Then, the 
silica glass crucible being reinforced by crystallizing an inner or outer 
surface of the crucible has been known for preventing the sinking. 

[0003] 

For example, in Japanese Patent Laid Open No. Hei09- 110590, it 
was described that the crucible can be reinforced by coating an agent for 
accelerating the crystallization on the outer surface of the crucible and 
crystallizing the crucible during the pulling up. However, the agent for 
accelerating the crystallization is an impurity for the single crystal silicon 
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and may have a bad influence on an electric characteristic of the produced 
wafer. Further, in Japanese Patent Laid Open No. HeilO-203893, it was 
described that an oxyhydrogen flame is sprayed on the outer surface of the 
crucible to form a crystallized glass layer on the outer surface of the crucible. 
When the silica glass is heated at more than a softening point under an 
oxygen atmosphere, cristobalite is deposited during a cooling process. 
However, since a thermal expansion coefficient of the silica glass is much 
different from that of cristobalite, the cristobalite layer formed by said 
method is easily released, thus this method is not suitable for utilization. 

On the other hand, in Japanese Patent Laid Open No. 2001 328831, 
the silica glass crucible was described, wherein the whole inner surface of 
the crucible is polished by a sand-blast or the like, and the polished surface is 
further heated and treated with the oxyhydrogen flame to be smoothed. It 
was pointed out that said silica glass crucible had an advantage that a ratio 
of single crystallization could be increased since bubbles were not contained 
in the inner surface and the purity was high. However, the problem of the 
sinking of the crucible is not solved. 

[0004] 

[Problems to be solved] 

The present invention solves the above-mentioned problems in the 
conventional silica glass crucible, and provides the silica glass crucible, in 
which an adhesibility of the crucible with a carbon susceptor supporting the 
silica glass crucible is good, and the sinking of the crucible during the pulling 
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up process of single crystal silicon can be effectively prevented. 
[0005] 

SUMMARY OF THE INVENTION 

The present invention provides the silica glass crucible having 
following constitutions. 

[l] A silica glass crucible used for pulling up single crystal silicon, 
wherein at least an outer surface of a wall part of the crucible is covered with 
fine grooves having a length of less than 200 U m, a width of less than 30 tt m 
and a depth of from more than 3 tt m to less than 30 1± m. 

[2] The silica glass crucible according to above [l], 
wherein the fine grooves exist on more than 10 % of the outer surface of the 
crucible. 

[3] The silica glass crucible according to above [l] or [2], 
wherein a sliding frictional coefficient of the outer surface of the crucible to a 
carbon at 1500 degree C is more than 0.6. 

[4] The silica glass crucible according to above [l], [2] or [3], 
wherein the outer surface of the crucible is covered with the fine grooves by 
carrying out a sand-blast treatment and a hydrofluoric acid etching to the 
outer surface. 

[5] The silica glass crucible according to any one of from above [l] to 

[4], 

wherein the number of projections having a height of 0.1 mm or more is an 
average of less than 5 / mm 2 per unit area on the outer surface of the 
crucible. 
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[0006] 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The silica glass crucible used for pulling up the single crystal silicon 
has been mainly produced by the method, heating and fusing the quartz 
powder layer stored in the inner surface of a rotational mold, and vitrifying it. 
As for the silica glass crucible, the un-melted quartz powder is adhered on 
the outer surface of the crucible immediately after producing said silica glass 
crucible in an arc furnace. Although said un melted quartz powder can be 
removed with high-pressure water, the projections having the height of about 
0.1 mm or more exist so much on the outer surface of the crucible. From this 
reason, it can be understood clearly that the adhesibility of the silica glass 
crucible with the carbon susceptor is low. 

[0007] 

Since the silica glass crucible is softened at the high temperature to 
decrease the strength, the silica glass crucible is reinforced by taking it into 
the susceptor made with carbon to be used at the time of pulling up the 
single crystal silicon in general. As the carbon susceptor, a graphite material 
having the high strength at the high temperature, the high heat resistance, 
and the high heat conductivity has been used in general. In addition, the 
thermal expansion coefficient of the silica glass is much different from that of 
the graphite. So, while repeating the heating and cooling, the silica glass 
crucible is softened to be adhered with the graphite crucible at the time of 
heating. On the other hand, at the time of cooling, since a shrinking amount 



4 



of the graphite crucible is increased as compared with that of the silica glass 
crucible, the graphite crucible is received an internal pressure from the silica 
glass crucible, thus there is a problem that the susceptor is deformed or 
broken. Then, in order to prevent the damage by the difference of the 
thermal expansion coefficients, the division type susceptor has been used in 
general. However, the large type susceptor becomes to be used in accordance 
with the enlargement of the open diameter of the single crystal in recent 
years, thus it is pointed out that the workability is decreased since the 
weight of said susceptor is increased. Then, the trial has been carried out to 
use a carbon fiber- reinforced carbon material (C/C material) for the carbon 
susceptor, which has the excellent specific strength and specific modulus 
even has the light weight as compared with the graphite material and has 
the few differences of the thermal expansion coefficient with the silica. The 
silica glass crucible of the present invention has the excellent adhesibility to 
such the carbon susceptor. 

[0008] 

The silica glass crucible of the present invention is the crucible, in 
which the adhesibility to the susceptor can be increased by surface treating 
the outer surface of the crucible after removing the un-melted quartz powder, 
and covering at least the outer surface of the wall part of the crucible with 
the fine grooves having the length of less than 200 li m, the width of less than 
30 tt m and the depth of from more than 3 H m to less than 30 U m. If the size 
of the fine grooves is within said ranges, the carbon fiber is easily engaged 
with the fine groove even when the carbon fiber-reinforced carbon material 
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(C/C material) is used, thus the frictional coefficient is increased and the 
adhesibility can be increased. 

[0009] 

It is preferable that the fine grooves cover at least the outer surface 
of the wall part of the crucible, and are more than 10 % of the whole outer 
surface of the crucible. When this area of the outer surface of the crucible is 
covered with the fine grooves, it is possible to obtain the silica glass crucible 
having the high adhesibility, in which the sliding frictional coefficient of the 
outer surface of the crucible to the carbon is more than 0.6 at the high 
temperature, for example, at 1500 degree C at the time of pulling up the 
single crystal silicon. 

[0010] 

The fine grooves covering the outer surface of the crucible can be 
formed, for example, by carrying out the sand-blast treatment and the 
hydrofluoric acid etching to the outer surface of the crucible. The sand-blast 
treatment is the polishing method by spraying the hard particles with high 
pressure gas. As the hard particles, a carbide or a nitride of silicon, alumina, 
diamond, crystalline quartz or the like, which are the materials having the 
higher hardness than that of the silica glass, can be used. Further, in order 
to prevent the contamination of the crucible with the hard particle, it is 
preferable to use the crystalline quartz. 

[0011] 
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In order to carry out the sand blast treatment, the crucible is put on 
a turntable, and an injection nozzle is moved along with the wall part of the 
outer surface of the crucible. Although the sand blast treatment can be 
carried out to the whole outer surface of the crucible, said treatment may be 
carried out to only the wall part in order to prevent a buckling of the wall 
part. By this sand-blast treatment, the projections having a large size on the 
outer surface of the crucible can be removed, and the contact area with the 
carbon susceptor becomes large, and further, the frictional coefficient is 
increased, thus the buckling of the crucible can be prevented. 

[0012] 

After the sand-blast treatment, the inner and outer surfaces of the 
crucible are washed with the hydrofluoric acid. By washing the inner surface 
with the hydrofluoric acid, the quartz powder or the like entered into the 
inside of the crucible is washed away. Further, by washing the outer surface 
with the hydrofluoric acid, the polished quartz powder is washed away, and 
the above-mentioned fine grooves are formed. In the sand-blast treatment, 
since the hard particles are sprayed on the outer surface, a micro crack is 
generated on the surface together with removing the projections having the 
large size. The above-mentioned fine grooves are formed by washing the 
outer surface of the crucible, in which the micro crack is generated, with the 
hydrofluoric acid to be etched. Said fine grooves are useful especially at the 
time of using the carbon susceptor of the C/C material. A diameter of the 
carbon fiber consisting the C/C material is about 10 H m, and the carbon fiber 
is twisted with said fine grooves having the width of 5 to 30 u m , thus the 



7 



frictional coefficient is further increased. 
[0013] 

By the above-mentioned sand-blast treatment, the number of the 
projections having the height of 0.1 mm or more on the outer surface of the 
crucible can be decreased to less than 5 / mm 2 per unit area. Further, by 
covering more than 10 % of the whole outer surface of the silica glass crucible 
with the above-mentioned fine grooves after washing it with the hydrofluoric 
acid, it is possible to obtain the silica glass crucible having the high 
adhesibility, in which the sliding frictional coefficient of the outer surface of 
the crucible to the carbon is more than 0.6 at the high temperature, for 
example, at 1500 degree C at the time of pulling up the single crystal silicon, 
as mentioned above. 

[0014] 

EXAMPLES 

The sand-blast treatment was carried out to the wall part (the 
cylindrical part) of the silica glass crucible having the open diameter of 24 
inches. As for the sand-blast apparatus, a commercial apparatus (AV-2EH 
type, produced by Atsuchi Tekko Co., Ltd) was used, and the natural quartz 
particles having the particle diameter of about 200 n m were used as the 
injection particles in order not to reduce the purity of the crucible. Further, 
as the high pressure gas, the compressed air having an atmospheric pressure 
of 6 was used. The feeding amount of the injection particles was about 1.7 
kg/minute. After the sand blast treatment, the inner and outer surfaces of 
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the crucible were washed with the hydrofluoric acid for 5 minutes to remove 
the contamination generated by the sand blast. After the washing treatment, 
when the outer surface of the crucible was observed by the SEM, about 50 % 
of the outer surface carried out the sand-blast treatment was covered with 
the fine grooves having the length of 10 to 100 1± m and the width of about 10 
Urn. 

[0015] 

The sample piece having the size of 50 mm square was cut out from 
said crucible to measure the frictional coefficient. The frictional coefficient 
was measured under the conditions at the time of pulling up, that is, at 1500 
degree C, under an argon gas atmosphere, and at 20 torr. The end of a carbon 
member having the width of 60 mm and the length of 300 mm was equipped 
with the supporting rod made with carbon, which could move up and down, 
and said supporting rod was moved at the temperature of 1500 degree C, and 
then, the frictional coefficient was measured from an angle of inclination at 
the time of moving the sample piece on the carbon member. As the carbon 
member, the graphite material and the C/C material were used. As the 
comparison, the frictional coefficient of the sample piece, which was not 
carried out the sand-blast treatment, was measured. These results were 
shown in Table 1. The sample pieces carried out the treatment of the present 
invention had about twice frictional coefficient to the both of the graphite 
material and the C/C material as compared with that of the comparison 
pieces. 
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[0016] 
[Table 1] 





Frictional Coefficient with 
Graphite 


Frictional Coefficient with 
C/C Material 


Sand-blast Treated Sample 


0.8 (40° ) 


1.2 (50° ) 


No Sand-blast Treated Sample 


0.4 (20° ) 


0.5 (25° ) 



(Note) The value in a parenthesis is an angle of inclination. 



[0017] 

[Effectiveness of the Invention] 

As for the silica glass crucible of the present invention, since the 
adhesibility with the susceptor is excellent at the high temperature, the 
sinking or the buckling can be prevented when said crucible is used for 
pulling up the single crystal silicon, thus the rate of single crystallization can 
be increased. 
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